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Abstract Objective: In addition
to the previous classification of
chronic lung disease (CLD) O2
dependency at 36 weeks of post-
menstrual age, a new definition of
CLD has recently been proposed:
new bronchopulmonary-dysplasia
(BPD). This uses total duration of
O2 supplementation and positive
pressure requirements to delineate
three degrees of severity (mild,
moderate, and severe) according to
the respiratory status at 36 weeks
postmenstrual age. We analyzed the
balance of serum proinflammatory
and profibrotic/angiogenic cytokine
concentrations in relation to CLD
and the new BPD definition. Design
and setting: Descriptive study in
a third-level neonatal ICU. Patients:
Thirty-one preterm neonates with
a gestational age of 24–29 weeks
were studied to evaluate their serum
cytokine concentration; they were
previously enrolled in a randomized
clinical trial to compare the effects
of high-frequency oscillatory ven-
tilation vs. intermittent mandatory

ventilation in terms of pulmonary
mechanics and lung cytokines.
Serum samples were collected on
days 1, 3, and 5 after birth until
extubation to detect the levels of
three proinflammatory cytokines
plus four profibrotic/angiogenic
cytokines, and correlations were
examined to old CLD and new BPD.
Ventilation treatments were dis-
tributed homogeneously between the
groups and did not interfere with the
results presented here. Results and
conclusions: Old CLD development,
mainly corresponding to the moder-
ate/severe forms of new BPD, was
associated with increased proinflam-
matory and profibrotic/angiogenic
cytokines, while mild forms of new
BPD were characterized only by
increases in profibrotic/angiogenic
cytokines, suggesting a different bal-
ance of two pathogenic mechanisms
in different phases of the disease.

Keywords Chronic lung disease ·
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Serum cytokines

Introduction

Our group has recently published data regarding cytokine
levels in the epithelial lining fluid (ELF) of preterm
newborns as a function of the ventilation strategies of
high-frequency oscillatory ventilation (HFOV) and syn-
chronized intermittent mandatory ventilation (sIMV)
adopted during the first week of life [1]. The report
showed that transforming growth factor (TGF) β1 ELF

levels were early and significantly lower in the HFOV
group than in sIMV-treated babies. In addition, HFOV
was associated with significantly less chronic lung disease
(CLD). In most of these subjects we also determined the
serum levels of the cytokines and found in HFOV-treated
newborns lower concentrations of the proinflammatory
interleukin (IL) 6 than in the sIMV group [2]. In contrast
to a large body of data regarding cytokine concentrations
in the bronchoalveolar lavage fluid (BALF) of premature
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newborns in relation to CLD development [1, 3, 4, 5, 6,
7, 8] or ventilatory treatments or infection [9], very little is
known regarding their serum levels as a function of their
classification for CLD [10].

The most widely used definition of CLD in premature
newborns is currently that of O2 dependency at 36 weeks
postmenstrual age, suggested as the best predictor of long-
term respiratory outcomes [11]. The children affected by
CLD present over time with various symptoms such as
airflow limitation, gas trapping, exercise intolerance, and
pulmonary hypertension. A revision of the BPD definition
for infants with gestational age under 32 weeks has
recently been proposed by Jobe and Bancalari [12] (“new
BPD”). This uses total duration of O2 supplementation (at
least 28 days with oxygen > 21% concentration) and posi-
tive pressure requirements to differentiate three degrees of
BPD severity depending on respiratory status at 36 weeks
postmenstrual age or at discharge, whichever comes first:
mild (breathing room air), moderate (breathing oxygen
< 30%), and severe (requiring ≥ 30% oxygen and/or
positive pressure).

New BPD is characterized more by arrested lung
development and impaired alveolar and vascular growth
than inflammatory processes [13]. On the basis of the
histological picture of the lung, some authors [13, 14, 15]
have noted that conducting airways and gas exchanging
area developments are interdependent processes. In addi-
tion, in the presurfactant era airway injury, inflammation,
and parenchymal fibrosis were the prominent findings in
BPD. Thereafter lung histology showed a more uniform
inflation, with fewer and larger alveoli, indicating an inter-
ference with septation. Moreover, decreased microvascular
development was observed in some patients. Surfactant
and oxygen concentration may strongly influence the his-
tology and clinical picture also in function of prematurity,
at least in animal models [16, 17]. The statement that old
CLD is no longer seen today is not completely true, as
lung radiograms shows that fibrosis and inflammation are
still present even in the postsurfactant era [4].

We examined newborns previously enrolled in our
randomized clinical trial [1] to evaluated cytokine serum
levels in relation to old CLD and new BPD [12]. Our
hypothesis was that a different balance of inflammatory
and profibrotic/angiogenic cytokines characterize these
conditions. The cytokines measured in our study are
representative of the proinflammatory group (IL-6, IL-8,
and monocyte chemotactic peptide 1, MCP-1) or the
anti-inflammatory group (IL-10, TGF-β1). In addition,
vascular endothelial growth factor (VEGF), platelet-
derived growth factor (PDGF) BB, and TGF-β1 are also
representative cytokines of the profibrotic/angiogenic
group of mediators, which provide information about
possible associations between the pathological outcomes
in premature babies and very early modifications of blood
cytokine concentrations.

Materials and methods

This study was carried out in our third-level neona-
tal intensive care unit (NICU) between July 2000 and
January 2003. Several procedural characteristics have
already been published and may be found in detail in
our previous report [1]. Briefly, neonates with a birth
weight of 500–1500 g and gestational age of 24–29 weeks
were eligible when inborn, endotracheal intubation was
required at birth, and on-going intensive care was re-
quired. They were randomly assigned to HFOV or sIMV
within 30 min from birth. Babies with major congenital
malformations or prenatal infection were excluded from
the study. The study protocol and consent forms were
approved by the Ethics Committee of the Department of
Pediatrics.

During the 30-month study period 479 newborns were
admitted to our NICU, including 445 inborns (92.9%),
and 34 outborns (7.1%). Seventy of these had a gestational
age of 24–29 weeks (i.e., at highest risk of CLD), and 42
met the entry criteria. Two neonates (one in each group)
with late-diagnosed congenital pneumonia (positive BALF
culture at birth) were subsequently excluded. Six patients
were extubated within the first 24 h of life, prior to serum
sample collection. Additionally, three patients died before
36 weeks of age (one in the HFOV group, two in the
sIMV group) and were excluded from final analysis. This
study thus followed 15 patients receiving HFOV and
16 receiving sIMV. No infant needed to be ventilated
again within the next 72 h following extubation. Two
infants in sIMV group died with the endotracheal tube in
place.

Ventilation strategies

The goals of respiratory management are to maintain blood
gas at pH 7.30–7.45, PaCO2 45–55 mmHg (5.9–7.2 kPa)
and PaO2 50–70 mmHg (6.6–9.3 kPa) with oxygen
saturation 90–94%. HFOV and sIMV were performed
with the Draeger Babylog 8000 plus (Draeger, Lübeck,
Germany), as previously described [1]. Extubation was
attempted when the neonate’s condition remained stable
for at least 6 h while receiving minimal ventilation. In the
HFOV group this was at: FIO2 0.25 or less, MAP less
than 6 cmH2O and an amplitude below 30%; in the sIMV
group it was at: peak inspiratory pressure 18 cmH2O or
less, ventilator rate 15 breaths per minute, and FIO2 0.25
or less. Babies in both groups were extubated on nasal
continuous positive airway pressure of 4–5 cmH2O (nasal
prongs Argyle, Sherwood Medical, St. Louis, Mo., USA).
Extubation failure was defined in both groups as no
longer than 72 h, with clinical deterioration requiring
reintubation.
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Medical treatment

Surfactant (a pig-derived, natural surfactant, Curosurf,
Chiesi Farmaceutici, Parma, Italy) was administered at
a dose of 200 mg/kg, and a second dose of 100 mg/kg
was used in babies receiving sIMV if the inspired oxy-
gen concentration was greater than 30%, and in those
receiving HFOV if MAP was greater than 10 cmH2O.
All studied neonates were given intravenous ibuprofen
as lysine salt (Arfen, Lysafarma, Erba-Como, Italy) as
prophylaxis for patent ductus arteriosus according to our
previous experience. All babies were initially treated with
antibiotics (ampicillin and amikacyn) for the first 7 days
of life to prevent lung colonization or infection. Caf-
feine citrate (caffeine citrate 10 mg/ml; Monico, Venice,
Italy) was administered intravenously at a daily dose of
5 mg/kg after a loading dose of 20 mg/kg from birth to
the 33rd week of postconceptual age to prevent apneic
spells.

Cytokine determinations

After initial stabilization and after surfactant therapy had
been administered, serum samples were obtained at the
end of the first day of life and on postnatal days 3 and 5
unless there was early extubation. Commercially available
enzyme linked immunosorbent assay kits (IL-6, IL-8, IL-
10, MCP-1, PDGF-BB, VEGF, TGF-β1 R&D Systems Eu-

Table 1 Description of the demographic characteristics and out-
comes of the patients examined (ACS antenatal corticosteroids, SGA
small for gestational age, PDA patent ductus arteriosus requiring
surgical closure, ICH intracranial hemorrhage, PROM premature
rupture of membranes, ROP retinopathy of prematurity, Cdyn dy-

namic respiratory compliance, Re expiratory airway resistance, Rrs
total airway resistance, CLD chronic lung disease, BPD bronchopul-
monary dysplasia, sIMV synchronized intermittent mandatory
ventilation, HFOV high-frequency oscillatory ventilation)

CLD New BPD
Negative (n = 20) Positive (n = 11) p Negative (n = 9) Positive (n = 22) p

Gestational age (weeks) 27.2 ± 1.4 27.2 ± 1.4 0.95 27.8 ± 1.0 27.0 ± 1.4 0.18
Birth weight (g) 1013 ± 231 755 ± 193 0.005 1097 ± 262 849 ± 209 0.01
Sex: F/M 11/9 5/6 0.89 7/2 9/13 0.11
White blood cells (µc−1) 9002 ± 4679 10130 ± 8554 0.58 7532 ± 3264 10587 ± 6421 0.19
ACS 12 (60%) 10 (91%) 0.10 6 (66%) 16 (73%) 1.00
Vaginal delivery 5 (25%) 1 (9%) 0.38 0 (0%) 6 (27%) 0.14
PROM 10 (50%) 7 (57%) 0.71 2 (22%) 12 (54%) 0.13
SGA 1 (5%) 5 (45%) 0.01 1 (11%) 5 (23%) 0.64

PDA ligated 0 (0.0%) 1 (9%) 0.35 0 (0.0%) 1 (4%) 1.00
Sepsis 8 (40%) 6 (54%) 0.47 2 (22%) 12 (54%) 0.13
ICH III–IV 2 (10%) 3 (27%) 0.31 0 5 (23%) 0.28
Survival 20 (100%) 8 (73%) 0.03 9 (100%) 19 (84%) 0.53
ROP (stage > 2) 7 (35%) 8 (72%) 0.10 2 (22%) 13 (59%) 0.11
Extubation time (days) 4.6 ± 3.5 16.3 ± 10.5 0.0002 4.9 ± 4.0 9.7 ± 9.5 0.15

Cdyn (ml cmH2O−1 kg−1) 0.70 ± 0.24 0.55 ± 0.22 0.09 0.70 ± 0.17 0.61 ± 0.27 0.67
Re (cmH2O/l/s) 171.7 ± 42.8 216.8 ± 90.1 0.07 182.4 ± 49.5 190.7 ± 73.5 0.76
Rrs (cmH2O/l/s) 117.3 ± 69.5 122.3 ± 40.1 0.84 141.4 ± 94.9 111.9 ± 7.2 0.33

Surfactant treated 12 (60%) 9 (82%) 0.26 6 (66%) 15 (68%) 1.0

sIMV/HFOV 8/12 8/3 0.13 4/5 12/10 0.70

rope, Abingdon, UK) were used following manufacturer’s
instructions.

Statistical analysis

Categorical variables were compared using the two-tailed
Fisher’s exact test. Both parametric and nonparametric
tests were used as necessary. The statistical software
used included Instat (GraphPad PRISM version 3.02) and
Epi-Info 2000. Differences with a p value less than 0.05
were considered statistically significant. A power analysis,
based on serum cytokine levels could not be performed
due to the lack of sufficient data.

Results

Babies were subdivided into groups according to the defi-
nitions of CLD and new BPD. Several variables were an-
alyzed, but only four differed significantly between CLD
groups and only one between new BPD groups (Table 1).
CLD-positive and CLD-negative groups differed for two
variables linked to the babies—birth weight and intrauter-
ine growth retardation—and two linked to outcome—ex-
tubation time and survival. New BPD groups differed sig-
nificantly only in birth weight. These differences are in
part due to the relationship between the two classifications
(Table 2). It was the case that “no and mild new BPD”
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Table 2 Relationships between CLD and NEW BPD development
in premature babies and distribution of ventilatory treatments (CLD
chronic lung disease, BPD bronchopulmonary dysplasia, sIMV syn-

chronized intermittent mandatory ventilation, HFOV high-frequency
oscillatory ventilation)

New BPD CLD-negative CLD-positive Overall
sIMV HFOV Total sIMV HFOV Total sIMV HFOV Total

No 4 5 9 0 0 0 4 5 9
Mild 4 7 11 0 0 0 4 7 11
Moderate 0 0 0 1 2 3 1 2 3
Severe 0 0 0 7 1 8 7 1 8
Total 8 12 20 8 3 11 16 15 31

patients were included in the CLD-negative group while
“moderate and severe new BPD” patients were included
in the CLD-positive group. Ventilation strategies were ran-
domly assigned and balanced between the groups so that
interferences due to ventilation type were eliminated. The

Table 3 Serum cytokine levels (pg/ml) during the study period strati-
fied for CLD development (med median, IL interleukin, MCP mono-
cyte chemoattractant protein 1, PDGF platelet derived growth factor-

BB, VEGF vascular endothelial growth factor, TGF transforming
growth factor β1)

CLD-negative CLD-positive p a

n Med Range p b n Med Range p b

IL-6 0.002 0.57
Day 1 20 34 3–182 11 33 7–1,046 0.69
Day 3 11 6 1–47 9 30 4–144 0.02
Day 5 6 4 2–47 7 17 4–145 0.03

IL-8 0.05 0.20
Day 1 20 241 39–658 11 400 22–853 0.27
Day 3 11 63 33–308 9 184 34–749 0.04
Day 5 6 71 40–164 7 224 73–559 0.03

IL-10 0.05 0.24
Day 1 20 7.5 1.3–58 11 12.2 6.6–41 0.10
Day 3 11 3.3 0.9–7.0 9 7.4 2.4–46 0.03
Day 5 6 2.6 0.7–11 7 4.5 2.0–31 0.07

MCP 0.33 0.86
Day 1 20 1,052 369–3,540 11 1,736 175–8,792 0.19
Day 3 11 1,201 299–6,005 9 1,820 920–2,749 0.16
Day 5 6 803 606–1,243 7 1,883 657–4,720 0.03

PDGF 0.81 0.47
Day 1 20 3,338 237–7,500 11 1,287 328–3,791 0.62
Day 3 11 1,940 1,021–6,422 9 1,646 393–2,395 0.41
Day 5 6 1,287 237–10,000 7 1,894 657–4,720 0.71

VEGF 0.82 0.57
Day 1 20 42 1–350 11 37 1–754 0.65
Day 3 11 31 3–327 9 33 9–150 0.70
Day 5 6 32 6–450 7 27 18–395 0.94

TGF 0.62 0.20
Day 1 20 4,589 200–15,261 11 6,609 1,594–16,851 0.76
Day 3 11 3,970 350–11,898 9 4,482 500–7,480 0.97
Day 5 6 2,198 173–17,138 7 4,293 2,411–12,088 0.25

a Nonparametric Mann-Whitney test
b Nonparametric Kruskall-Wallis variance analysis

limited number of patients did not permit a double stratifi-
cation of patients (ventilation and outcome).

Table 3 reports the variations in serum cytokine levels
in CLD-positive and CLD-negative groups. On day 1 no
differences were observed, while on days 3 or 5 only pro-
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inflammatory cytokines (IL-6, IL-8, MCP-1) were signif-
icantly lower in CLD-negative than in CLD-positive new-
borns, plus IL-10, which is known to often behave simi-
larly, possibly to block the inflammatory mechanisms. In
addition, the concentrations of IL-6, IL-8, and IL-10 de-
clined significantly over time only in CLD-negative sub-
jects. No significant differences were found in the levels of
the profibrotic/angiogenic cytokines TGF-β1, PDGF-BB,
and VEGF.

Table 4 shows the variations in same cytokine levels
in the groups defined by the new BPD classification.
Here we observed significantly higher levels of profibrotic
cytokines (TGF-β1, PDGF-BB, VEGF) on day 5 in the
new BPD-positive group. In addition, in the new BPD-
negative group, one defined similarly to the CLD-negative
group, a significant reduction in IL-6 was also confirmed,
although with a limited significance level.

Table 4 Serum cytokine levels (pg/ml) during the study period
stratified for New BPD development (med median, IL interleukin,
MCP monocyte chemoattractant protein 1, PDGF platelet derived

growth factor-BB, VEGF vascular endothelial growth factor, TGF
transforming growth factor β1)

New BPD-negative New BPD-positive p a

n Med Range p b n Med Range p b

IL-6 0.04 0.11
Day 1 9 18 5–182 22 30 3–1,046 0.57
Day 3 5 4 2–26 15 10 1–144 0.12
Day 5 3 4 2–11 10 14 4–145 0.09

IL-8 0.42 0.25
Day 1 9 219 63–353 22 272 22–853 0.49
Day 3 5 140 33–308 15 146 34–749 0.69
Day 5 3 52 47–164 10 109 40–559 0.24

IL-10 0.24 0.15
Day 1 9 6.0 1.3–27.5 22 9.6 2–58 0.18
Day 3 5 3.3 0.9–7 15 4.0 1.6–46 0.41
Day 5 3 2.6 0.7–4.3 10 3.5 2–31 0.31

MCP 0.51 0.93
Day 1 9 1,052 369–3,540 22 1,591 175–8,792 0.29
Day 3 5 1,497 299–6,005 15 1,559 851–2,749 0.80
Day 5 3 1,181 606–1,243 10 1,799 657–4,720 0.34

PDGF 0.27 0.42
Day 1 9 1,903 237–7,500 22 1,879 254–7,123 0.97
Day 3 5 1,802 1,021–2,544 15 2,240 393–6,422 0.56
Day 5 3 464 237–1,287 10 2,285 328–10,000 0.04

VEGF 0.79 0.67
Day 1 9 20 1–350 22 41 1–754 0.42
Day 3 5 31 3–38 15 41 9–327 0.27
Day 5 3 15 6–27 10 36 18–450 0.04

TGF 0.55 0.38
Day 1 9 2,056 250–15,261 22 5,173 200–16,851 0.45
Day 3 5 1,772 620–4,137 15 2,978 350–11,898 0.24
Day 5 3 1,736 173–2,659 10 4,450 202–17,138 0.04

a Nonparametric Mann-Whitney test
b Nonparametric Kruskall-Wallis variance analysis

Due to the overlapping features of the CLD and new
BPD classifications, as shown in Table 2, the variables
reported in Tables 1, 3, and 4 differentiate three groups
of patients: CLD-negative, new BPD-negative (group A),
CLD-negative, new BPD-positive (mild forms; group B),
and CLD-positive, new BPD-positive (moderate and
severe forms; group C). Table 5 reports some charac-
teristics of the three groups. As expected, birth weight
was significantly lower and extubation time significantly
longer in group C than in groups A and B. In addition, on
day 1 inflammatory MCP-1 and IL-8 cytokines exhibited
sequentially increased values, shifting from group A to
group C (p < 0.05). None of the other variables showed
significant differences between the three groups.

As shown in Table 4, changes in the pro-fibrotic/angio-
genic factors were evident only on day 5, where the num-
ber of patients was drastically reduced by the extubation
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Table 5 Means ± SD of different variables stratified for three
different classes. No significant differences were found between
groups A and B or groups B and C for MCP-1 and IL-8 serum
values (group A CLD-negative/new BPD-negative, group B

CLD-negative/new BPD-positive, group C CLD-positive/new
BPD-positive, IL interleukin, MCP monocyte chemoattractant
protein 1, TGF transforming growth factor β1)

Group A (n = 9) Group B (n = 11) Group C (n = 11) p a

Birth weight (g) 1,082 ± 260 944 ± 187 755 ± 193 0.007
Extubation time (days) 4.9 ± 4.0 4.3 ± 3.2 16.3 ± 10.5 0.0008
MCP (pg/ml) b 1,193 ± 1013 1,340 ± 795 3,119 ± 2,736 0.04
IL-8 (pg/ml) b 160.1 ± 104.1 234.9 ± 198.2 403.0 ± 236.8 0.02
TGF (pg/ml) c 1,523 ± 1,257 7,413 ± 5743 6,633 ± 3,409 0.14

a Analysis of variance
b Day 1
c Day 5; group A, n = 3; group B, n = 3; group C, n = 7

procedure. Therefore Table 5 also reports the behavior of
TGF-β1 on day 5. TGF-β1 levels increased in groups B
and C, which included the new BPD-positive patients, al-
though the data did not differ significantly for the reduced
number of patients. The other two fibrotic/angiogenic cy-
tokines (PDGF and VEGF) behaved similarly.

Discussion

Our findings show that subjects classified by the “old”
CLD definition initially (day 1) did not differ in serum
cytokine levels. However, during the subsequent 5 days
serum proinflammatory IL-6 and IL-8 concentrations
(day 3 and 5), MCP-1 (day 5), and anti-inflammatory
IL-10 (day 3) increased significantly in CLD-positive
infants (Table 3). In several models (pemphigo, psoriasis),
serum IL-10 followed the behavior of proinflammatory
cytokines, possibly to block proinflammatory cytokines
effects [18, 19].

Interestingly, when patients were divided in terms
of new BPD, we observed a shift of significance from
proinflammatory cytokines to the other cytokines, with
all three angiogenic/profibrotic factors (TGF-β1, PDGF-
BB, VEGF) significantly increased on day 5 in new
BPD-positive infants. These data suggest that this classi-
fication redistributes subjects, as serum levels of TGF-β1,
PDGF-BB, and VEGF are altered on day 5 (Table 4).

We combined mild, moderate, and severe forms of new
BPD vs. patients without new BPD for two reasons: (a) we
lacked enough patients to allow a reasonable number in
each subgroup, and (b) no differences in the incidence of
comorbidities associated with different grades of newly de-
fined BPD were found in our population. Moreover, recent
data by Sahni et al. [20] show no differences between mild,
moderate, and severe forms, except for patent ductus ar-
teriosus requiring surgical ligation (ibuprofen prophylaxis
was given in our patients).

To better compare the two classifications we dif-
ferentiated patients into three groups: CLD-negative,

new BPD-negative (group A), CLD-negative, new BPD-
positive (mild form; group B), and CLD-positive, new
BPD-positive (moderate and severe forms; group C).
MCP-1 and IL-8 levels differed significantly between the
three groups and increased sequentially from group A to
the group C, suggesting that in the “old type” of CLD
lung inflammation mechanisms predominate very early
(day 1). At the same time, no differences were observed in
the profibrotic modulators. Profibrotic mediators tended to
change later. TGF-β1 levels showed increases in groups B
and C only on day 5, albeit without statistical significance.
It is important to remember that due to infant extubation
the number of patients was smaller on day 5 than on day 1.
These data support the hypothesis that the “new type”
of BPD is characterized principally by modifications in
profibrotic markers associated with impaired alveolar and
vascular growth.

Cytokines are the fundamental regulators of cell inter-
actions and drive their functions. In particular, some of
these molecules belong to the group of inflammatory cy-
tokines, such as IL-2, IFN-γ, IL-6, IL-8, MCP-1, tumor
necrosis factor (TNF) α and many others. These substances
induce the inflammatory processes, recruiting and stimu-
lating the inflammatory cells. Other cytokines, sometimes
termed anticytokines, exert anti-inflammatory, profibrotic
actions, also regulating the neo-angiogenic processes. This
group includes IL-4, IL-10, TGF-β1, VEGF, and PDGF-
BB modulators [21, 22].

Although the new BPD definition was introduced
in 2001, there is very little information regarding the
cytokine levels in sera of newborns during the first days of
life [2, 10]. In contrast, there are many studies concerning
BALF levels of several cytokines [1, 3, 4, 5, 6, 7, 8, 9]
of both T helper 1 and T helper 2 origin [22]. Notwith-
standing some controversial findings, all of these conclude
that premature newborns who develop BPD/CLD show
significantly elevated proinflammatory cytokines levels
(IL-1, IL-6, IL-8 and TNF-α being the most studied) [5,
6, 7] as well as MCP-1 (a CC chemokine particularly
activating the lung macrophages) [8] and IL-10 [7]. In
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addition, IL-6, IL-8, and TNF-α were also increased
in the cord blood as predictors of CLD [23]. Only one
study has reported IL-6, IL-1β, and TNF-α levels in the
blood of subjects classified as new BPD [24], but no
association has been found between the fetal inflammatory
response and BPD risk. Birth weight (and not gestational
age) and extubation time are the only clinical factors
differing significantly between subjects developing or
not developing CLD (Table 5), according to recent data
showing a significantly greater risk of developing CLD in
SGA infants [25].

As previously shown, HFOV determines various
cytokine levels in BALF and sera of premature infants
when they are subjected to ventilation [1, 2]. In this study
we could not obtain data stratified for different ventilation
strategies plus outcome (CLD or new BPD) due to the
limited number of patients. However, any interference
by ventilation treatments could be eliminated through
its homogeneous distribution, although a prevalence of
sIMV-treated babies was observed in the CLD-positive
group (Table 1) and in the severe forms of new BPD
(Table 2). Cytokine production may vary in function of
the prematurity degree or oxygen intake after birth [21].
Gestational age did not differ between our study groups,
as reported in Table 1. However, birth weight did differ
significantly due to the number of small for gestational
age newborns included in the CLD and new BPD groups.
Therefore we may presume that prematurity did not affect
the comparisons. On the basis of clinical symptoms and
laboratory tests, no cases of sepsis/infection was detected
during the 5 days of newborn observation. Therefore we
can assume that there was no interference by infections on
the serum cytokine concentrations.

Limits of the present study include the relatively low
number of the subjects analyzed. In particular, we report
only 3 moderate forms of new BPD and 11 of mild BPD.
This may be due to the enrollment rules of our previous
study [1], causing us to lose some neonates not intubated,
receiving only continuous positive airway pressure or O2
by nasal cannula and possibly developing CLD. During the
period of this study only two newborns were not ventilated
but received nasal continuous positive airway pressure and
O2 therapy and developed CLD, categorized as mild new
BPD. None of the other infants without mechanical ven-
tilation developed CLD. Therefore the limited number of
unincluded newborns cannot represent an important bias.

In conclusion, it is possible that with the new definition
of BPD only the mild forms accord with the theory
of impaired lung maturation suggested by increases in
neo-angiogenic modulators, while the moderate/severe
forms are characterized by both inflammatory and fibrotic
processes. The results presented here are in agreement
with two possible main mechanisms, the first being
prevalently inflammatory (overt forms of CLD/BPD) and
the second angiogenic (maturative with impaired alveolar
and pulmonary vascular development coinciding with the
mild forms of new BPD). An early screening of a few
serum mediators may be useful for defining the risk of
developing mild or severe forms of chronic lung disease of
the newborns, addressing a potential need for a different
selection of therapies, in particular corticosteroids and
surfactant at varying doses.
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